Results: Here we show that CRB3, a CRB1-related protein found in epithelia, is localized to cilia and required Results for proper cilia formation. We also find that the Crumbsassociated Par3/Par6/aPKC polarity cassette localizes CRB3 Localizes to Cilia of Kidney Epithelia to cilia and regulates ciliogenesis. In addition, there apTo determine if CRB3 is required for cilia formation in an pears to be an important role for the polarity-regulating epithelial context, CRB3 localization in cultured kidney 14-3-3 proteins in this process. Finally, we can demonepithelial cells was examined. In addition to the prestrate association of these polarity proteins with microviously observed apical-and tight junction-localized tubules and the microtubular motor KIF3/Kinesin-II. CRB3, immunolocalization revealed that CRB3 is localConclusions: Our findings point to a heretofore unapized to discreet puncta in the primary cilium of MDCK preciated role for polarity proteins in cilia formation and (Manin Darby canine kidney) and IMCD3 (Inner Medulprovide a potentially unique insight into the pathogenelary Collecting Duct) renal epithelial cells as shown by sis of human kidney and retinal disease. costaining with acetylated tubulin, a known axonemal constituent of primary cilia ( Figure 1A ). In addition, CRB3 Introduction staining was observed in the primary cilia of rat kidney collecting ducts ( Figure 1B) . To ensure that the observed Epithelial morphogenesis has been an area of intense CRB3 localization was not a staining artifact, the localstudy and has been a platform for examining the signalization of Myc-tagged CRB3 in MDCK cells was examing events that regulate polarization. Epithelial polarizained. Localization of exogenous Myc-CRB3 was similar tion proceeds via distinct stages including formation of to that observed for the endogenous CRB3 ( Figure 1C To determine if CRB3 is essential for cilia formation, Par3, Par6, and aPKC polarity proteins form a trimeric CRB3 levels were reduced by siRNA in MDCK cells (Figure 2A) , and it was found that reduction of CRB3 expres-*Correspondence: bmargoli@umich.edu 6 These authors contributed equally to this work.
( Figures 2B and 2C) . Similar results were seen using a 3 days postconfluency; however, cilia formation was completely absent in CRB3 siRNA cells even after 7 days second siRNA construct designed against a different region of the CRB3 gene (data not shown). Reduction ( Figure 2D ). These data together suggest that CRB3 expression is required for ciliogenesis. of the tight junction protein, ZO-1, by siRNA had no effect on cilia formation ( Figure S1B ). To determine if reduction of CRB3 expression merely resulted in dePar3, Par6, and aPKC Localize to the Cilia CRB3 has been recently reported to bind directly to the layed cilia formation, cilia formation was examined in CRB3 siRNA and wild-type MDCK cells over 7 days. In PDZ domain of the polarity protein Par6 [15] . Par6, when complexed with Par3 and aPKC, is involved in the estabwild-type cells, small cilia were observed as early as lishment and maintenance of epithelial polarity. To adthe Par3/Par6/aPKC complex is also localized to motile cilia, their localization was examined in isolated murine dress whether CRB3 may regulate ciliogenesis via the Par3, Par6, aPKC polarity complex, we examined spermatozoa. Here, Par3, Par6, and aPKC all localized to the distal region of the sperm flagellum ( Figure 3C ). whether the Par proteins are able to localize to the primary cilia of cultured epithelia. In MDCK and IMCD3 Next, we analyzed whether the polarity proteins were colocalized in the primary cilium. . We found that treatment of ciliated MDCK cells for 3 hr with nocodazole resulted in disassembly of the cilia gesting that the interaction of these proteins with the cilia axoneme is mediated by a microtubule motor (Fig-(Figure 7A ) while tight junctions were unaffected, as revealed by retention of contiguous staining of the tight ure 6A). As expected, the molecular motor, KIF3a, only associates with microtubules in the presence of AMPjunction marker ZO-1. It was found that 7 hr after removal of nocodazole, cilia reformation could be detected, and PNP.
The primary anterograde motor in the cilia is the KIF3/ after 24 hr, cilia were fully formed. However, addition of 
